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Abstract: 


A review of seminal books [1] The Philosophy of Space and Time [1928] and [2] The Direction of Time [1956] 
by Hans Reichenbach [September 26, 1891 - April 9, 1953 (aged 61)] reveals that he was almost near a 
solution to the ‘problem_of time’. His Causal theory of Time uses cause and effect patterns [cause and effect 
nets or causal networks as used in my papers] to define an arrow of time pointing from a cause event a [or 
source, e.g. excited state of an atom] generating a signal [e.g. photon] that travels to an ‘effect’ detector В [or 
sink] creating an endpoint effect and the recognition that те is a construction [or ‘arrow’] pointing fromatoB | 
leading to a time defined авт зов меге pioneering concepts. His work has informed my research to get a clear 
theory about what time really is and what time is not. 


Reichenbach primarily looks at the Epistemology of space and time in these two books but with a thorough 
presentation of the physics under scrutiny. Definition: Epistemology (/ pistt'mpled3i/; from Greek етпотйнп, 
epistémé ‘knowledge’, and -logy) is the branch of philosophy concerned with knowledge. Epistemologists study 
the nature, origin, and scope of knowledge, epistemic justification, the rationality of belief, and various related 
issues. 


Epistemological issues are not of primary concern here. This paper is going to focus on Кеісһепрасһ 5 insights 
about time and whether or not causality and causal networks were used to explain how time is created. 


In the first book, The Philosophy of Space and Time [1928], he presents us with a causal theory of time, he 
notes that “time order represents the prototype of causal propagation”, and “a signal sent from one place to 
another is a causal chain”. He also states that “causal order that does not employ the direction of time” can be 
used in “our definition of time order”. Therefore “the concept of the causal chain” leads us to the idea that “the 
order of events corresponds to the order of те”. 


However confusion arises from his statement that “there are no closed causal chains’. By this he mans that an 
event or cause event а leading to another event or an effect event В can’t return to the starting point event a at 
an earlier time. In this regard he has confused process reversal with time reversal. Processes can cycle back to 
previous states not in time but in configuration. This constitutes a fundamental error in his identification of causal 
chains or nets occurring in space-time. 


He later states that “An additional essential property of time is its directionality. This specific feature is based on 
the fact that time-—and time alone—is the dimension of the causal chain ins upon which we have based our 
theory of space and time”. At the end of this book he states “it was the concept of causal chain which proved to 
be the ultimate basis of the space-time order”. The causal chain or causal network as | have used it was in place 


in his ideas in 1927 but he diverged into trying to explain relativity without a clear picture of те created by 
expanding the scope of his causal theory of time. Thus he loses his way into the space-time constructs which 
generated time paradoxes such as time reversal. 


He was aware that cause and effect chains or nets were the basis for developing a theory of time. He also 
proposed that the construction of time from causal chains or networks required specifying the operational 
procedures that define how observed events are coordinated with standard clocks to determine the time of an 
event. 


5. The Causal Definition of Time Order 37 


Fig. 5, A causal пей, О and А indicate events for which 
no time order is determined. 


In the second book we are looking at, The Direction of Time, he directly addresses the causal theory of time in 
section 3. He states that “time order is reducible to causal order”. He recognized the importance of signals [e.g. 
photons] linking up events in causal chains. He didn’t however see that the signals are the simplest form of an 
arrow of time and that signals carry information content about the state of the source as well as the sink or 
detector when observed with respect to a standard clock [e.g. atomic clock] or more importantly the ‘registering’ 
instrument of our brain, the T-computer. In the figure above there is a hidden assumption about a time 
‘dimension’ pointing from bottom to top. This is the kind of petitio principii fallacy that has propagated myths 
about time reversal. We see this again with Feynman's “Theory of Positrons” [1949]. 


The three figures below are based on illustrations from ‘The Direction of Time’ and show how one can correct the 
time reversal error Feynman made using conventional space-time diagrams by converting them into causal 
networks or cause and effect graphs in the vacuum without direct reference to any arrow of time or aa assumed 
time direction. Time is created from information carried by signal or particles using their observable velocities of 
and the spatial locations of their initial and final positions as observed independently. 
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Fig. 38. Pair production and pair annihilation in a 
Wilson cloud chamber. 


Conceptions of this kind were developed by Е. С. С. Stiickelberg and 
В. P. Feynman.* Their investigations showed that a positron—that is, 
a particle of the mass of an electron, but carrying a positive unit 
charge—can be regarded as an electron moving backward in time. The 
negative unit charge of the electron, which travels in the opposite 
time direction, has the same physical effects as the charge of the 
positron traveling forward in time; and therefore the two interpretations 
cannot be distinguished observationally, 

Feynman showed that these conceptions can be used for an explana- 
tion of pair production and pair annihilation. It has been observed on 
photographs taken in a Wilson cloud chamber that, upon incidence of 
a y-ray, an electron and a positron are generated Кот ‘‘nothing’’ and, 
starting from the same point, travel along different paths. The positron 
is usually not long-lived; it encounters some other electron traveling 
free through space and then merges with it in an act of collision. 
These two particles thus vanish completely, leaving as their effect 


15ее Е. С. С. Stiickelberg, ‘‘Remarque a propos de la création de paires de 
particules еп théorie de relativité”, Helv. phys. Acta, Vol. 14 (1941), рр. 
588-594; and ‘‘La mécanique du point matériel en théorie de relativité et en 
théorie des quanta”, ibid., Vol. 15 (1942), рр. 23-37. Also see В. Р. Feynman, 
“The Theory of Positrons’’, Phys. Rev., Vol. 76 (1949), рр. 749-759. 


STEP 1 , REMOVE TIME 
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Fig. 38, Pair production and pair annihilation in a 
Wilson cloud chamber. 
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Fig. 39. The process of figure 38 regarded as the world line of а single 
electron, which from C to A travels backward in time. 


only a new y-ray starting from the point of collision. Figure 38 may 
illustrate these processes. Positive time is represented by a vertical 
line going upward; the other solid lines represent world lines of par 
ticles. Dotted lines indicate the world lines of the y-rays, In the 
event A, the incident y-ray produces a pair consisting of electron num- 
ber 1 and a positron. In the event C, the positron collides with electron 
number 2; this pair is annihilated in the collision, the only trace being 
the y-ray starting at C. In the photograph, the paths of the particles 
are visible and show a spatial arrangement similar to that of the solid 
lines in the diagram; the y-rays are not visible in the photograph. 
According to Feynman, we can as well interpret the process dia- 
gramed in figure 38 by regarding the train of lines DCAB as the world 
line of one single electron, which from C to A travels backward in 
time, as indicated in figure 39. Instead of three particles, we thus 
have only one. This interpretation has the advantage that we need 
not speak of pair production and pair annihilation; the one particle 
is there all the time. The causal anomalies of creation from nothing 
and vanishing into nothing are thus eliminated; however, in exchange 
for them another causal anomaly enters the description: the electron 


travels part of its path backward in time. 
We meet here with a new illustration of the theory of equivalent 


FROM SPACE-TIME LEAVING JUST SPACE 
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Fig. 39, The process of figure 38 regarded as the world line of a single 
electron, which from С to A travels backward in time. 


STEP 2: CONVERT то CAUSAL NETWORKS 
А, БС, D ALE NODES ор METWORKS иже? JM SPACE 
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Fig. 39. Тһе process of figure 38 regarded as the world line of a single 


Fig. 38. Pair production and pair annihilation in a 
electron, which from С to A travels backward in time. 


Wilson cloud chamber, 
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He spent a great deal of the book looking at concepts that are in fact secondary considerations with respect to 
seeking the fundamental nature of time. These include; thermodynamics, entropy, statistics of ensembles, 
probability and reversibility, information theory and quantum mechanics. Once again he missed the point that 
the structure of time is best explained by starting with his causal chains and developing causal lattices or 
networks and recognizing that space-time is a map and not the territory of time...only a visualization that is 
misleading as | will explain. 


What time is and what time is not: 


First a review of the 7 principles | have found that define the foundations of time not as a dimension but 
as information used to construct maps [causal networks] of observed changes in the configurations of 
matter in the universe found to be the actual nature of time. 


1. Philosophy of Time: time exists as information, NOT as a dimension. Time is as real as information is real. 
Process reversal is not time reversal. 


2. Arrows of Time: Quantum Arrows of Time [QATs] and all other arrows of time only exist as constructions 
from signal/information flow in causal networks. All arrows of time point from cause [source] to effect [sink] from 
simple 2-level systems at the quantum scale such as photon emission in atoms up through the cosmological 
domain through hierarchical scaling of interconnected causal networks at various plateaus of complexity [POCs]. 


3. Direction of Time: only exists as directions associated with vectors representing arrows of time pointing from 
cause to effect [source to sink] in the causal networks of the evolving universe. 


4. There is no Time to travel "іп", only space [i.e. the vacuum] where the 'now' created by our consciousness 
is all we can directly experience. Note that the vacuum exists as a physical entity and space is only a map of this 
fundamental basis for the universe. “The Map is not the territory” - Alfred Korzybski 


5. Our brains T-computer creates ‘time’ labeled maps of the patterns of observed changes in the 
configurations of matter in the universe into sequential time stamped and labeled memories. Change is a 
Fundamental property of the universe, time is not. No change means no time. 


6. The Problem of Time therefore has been solved using Feynman Clocks, T-computers, and Causal_ 
Networks. 


7. The Vacuum is space and Time is a measure of Changes in the configuratons of matter floating on the 
surface of the vacuum. We attribute dimensions to the vacuum [space] as part of our application of geometry 
[models] to the real world. The vacuum is much more complex that mere ‘empty’ space. The vacuum is in fact a 
multi-vacuum with properties that depend locally on matter and globally on cosmic universality. Cosmological 
evolution is measured by the maps of change we construct using time as a metric. 


Note: the speed of light is a fundamental property of the multi-vacuum ‘surface’ of the deep energy sea that 
contains the missing mass and dark energy of the universe. This is why it can’t be violated by mythical particles 
such as tachyons or space-time fabrications and fantasies such as cosmic tunnels or НЕКЕ 


See the following for а discussion of why space-time diagrams are wrong especially when looking at time as а 
fundamental property of the universe: 


https://authors.library.caltech.edu/3520/1/FEY pr49b.pdf 


Special Note: Time is still useful as a measure of change in our daily lives. Using repeating reproducible regular 
signal generating systems such as standard clocks [e.g. atomic clocks, watches, computer clocks etc.] gives us 
a way to create our ordered time maps. Time produced by comparison of a standard clock with the observed 
system and processed by our brains T-computer or similar ‘clocked’ information processing devices is ‘real’. The 
reality of time as a pacer of human activities is embedded in our lives. 


Conclusions: 

Reichenbach's two books listed here are a great primers for looking at the scientific approach to time in spite of 
the diversions of epistemological inquiries and immersion into relativity. While he was ‘almost there’ with the 
causal theory of time, his insights are worth close examination. My causal network theory clearly has roots in his 
pioneering work. The addition of the T-computer and its confirmation by fMRI brain studies along with recognition 
that if one gets rid of space-time models and uses causal networks to create time as a measure of change 
allows us to get closer to an understanding of the true nature of time. 


Time 
THE SOURCE OF THE TME REVERSAL FALLACY 
а IS THE "ПМЕ" AXIS [AT LEFT] ASSUMED ТО ВЕ 
REAL IN THIS SPACETIME DIAGRAM 


THE POSITRON [AT 
е- RIGHT] APPEARS et 
FALSELY TO BE 
MOVING BACKWARD 
‘IN’ TIME 


TIMELESS CAUSAL NETWORK DIAGRAM OF 
THE PROCESS IN SPACE ONLY. NOTE 
WITHOUT A TIME AXIS THERE IS NO NEED 
FOR TIME REVERSAL TO BE USED. 
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